Using the phospholane-phosphite ligand, BOBPHOS, almost perfect regioselectivities and high enantioselectivities (up to 92 % e.e.) are observed in Rh catalysed enantioselective hydroformylation of vinyl arenes. This can be achieved under 10 solvent-free conditions.
We initially did some screening experiments in the hydroformylation of styrene comparing the (S,S,S) and (S,R,R) While many papers only report studies on styrene as a model substrate, some of the more synthetically useful publications 80 also report other vinyl arenes. These can give less desirable results in some cases; in the case of asymmetric hydroformylation of 4-chlorostyrene and 4-methoxystyrene, the class-leading Landis ligands report a desired isomer yield down to 86.9% and 81% due to a drop-off in e.e. We studied 85 alkenes 2a and 3a under the unoptimised low temperature conditions. The results obtained for the 3-and 4-chloro styrenes (desired isomer yield ~ 94-95%) appear to be the best observed for these substrates. Reactions were complete in several hours. To investigate if more electron donating vinyl arenes could be used, we also studied the hydroformylation of 4-vinyl anisole under solvent-free conditions and got excellent results with a desired isomer yield of 93.3%. 2-methoxy-6-5 vinyl-naphthalene also gave good results, although not quite matching the very best 2f reported (Table 2 , Entry 5 and 6).
In summary, The use of rhodium complexes of (S,S,S)-BOBPHOS as catalyst for the enantioselective hydroformylation of vinyl arenes enables very high desired 10 isomer yields with good activity. The ability to give good activity at low pressures, the high solubility, and the ease of operation enable a solvent-free highly enantioselective hydroformylation at low catalyst loading directly delivering product of excellent purity. Projects studying the mechanism 15 of action of this unusually selective catalyst, new related ligand systems and further applications are getting underway. See DOI: 10.1039/b000000x/ † We also note here that when we have used a significant excess of ligand (e.g. L:Rh of 2.5:1), rather than observe inhibition, the reaction proceeded 50 slightly faster than using the complex formed from [Rh(acac)(CO)2] and BOBPHOS without large excess of ligand. Whether excess ligand prevents catalyst decomposition needs to investigated in our future mechanistic studies. We certainly recommend an excess of ligand for the no-solvent+no activation process. 55
